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(54) Title: GLASS DECORATING COMPOSITIONS USING BISPHENOL A EPOXIES 
(57) Abstract 

A radiation curable ink 
composition comprising, by weight 
of the total composition: 30-95 % 
of a bis phenol-A epoxy resin of 
formula (I), wherein n - 0-20, 0.1-25 
% of an organofunctional silane of 
formula (II), wherein n - 0-3, a - 
0-2, Y - (1), (2) or (3), X is each 
independently CH 3 , CI, OCOCH 3 , 
OC2H4OCH3, V(OC 2 H4)20CH3. or 
-OR, where R is a Ci_2o straight 
or branched chain alkyl, preferably 
OCH3 or OCH2CH3, 0.1-25 % of a 
cationic photoinitiator, and 0.05-20 % 
of a fiuorinated surfactant; and related 
methods and decorated end products. 
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GLASS DECORATING COMPOSITIONS USING BISPHENOL A EPOXIES 



5 



10 



Technical Field 
The invention is in the field of applying decorative 
indicia to glass and ceramic articles and containers. 

Background of the Invention 
Commercial ceramic and glassware is often decorated by 
applying a pattern in colored ink on the surface of the 
substrate with screen printing, offset printing , or any other 
direct application technique. The glass is then baked at 
high temperatures to bond the design or indicia to the glass 
surface. This process, sometimes referred to as applied 
ceramic labeling (ACL), exhibits certain drawbacks. Often, 
the ink compositions contain heavy metals and volatile 
organic solvents (VOC's). Both VOC 4 s and heavy metals are 
undesirable from the environmental point of view* Second, 
ACL requires high temperature ovens for the baking step, 
which results in considerable energy usage and an increased 
potential for worker injury due to the high temperatures at 
which the process operates. Moreover, the high temperature 
ovens are expensive, cumbersome pieces of equipment which 
require considerable floor space in factories. 

On the other hand, use of ultravioXeiT'(UV) radiation 
curable organic pigmented inks for the decoration of glass 
and ceramic ware is very desirable. Organic inks generally 
can be cured by exposure to radiation, such as ultraviolet 
radiation, thus obviating the need for high temperature 
baking. In addition, UV curable organic inks can be 
formulated to contain little or no VOC's or other nonaqueous 
solvents. One problem with organic inks, however, is that it 
is difficult to duplicate the adhesion found with ACL 
decorated glass. For example, ACL provides decorated glass 
containers where the indicia or decoration are essentially 
adhered permanently, and it is quite difficult, if not 
impossible, to remove the decoration from the glass surface. 
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The same is not true of glass substrates decorated with 
organic inks* In general, to find organic inks which will 
adequately adhere to glass to a degree sufficient to pass 
various tests necessary for use in commerce is quite 
5 difficult. There is a need to develop better ink 
compositions and methods for decorating glass and 
ceramicware, to work toward the goal of providing UV curable, 
organic-based-ink decorated glass which equals ACL decorated 
glass in durability and commercial application. 

10 

Summary of the Invention 
The invention is directed to a radiation curable ink 
composition comprising, by weight of the total composition: 
30-95% of a bis phenol-A epoxy resin having the formula 
15 C Formula I") : 




wherein n = 0-20, 

0.1-25% of an organofunctional silane having the formula 
30 ( n Formula II") : 

II. Y~ (CH 2 ) n — SiX 3 _ a 

(CH 3 ) a 

35 
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wherein n = 0-3 
a = 0-2 

Y - NH 2 , CH 2 =CH, CH 2 =C-COO-, CH 3 -NH-, NH 2 -CO-NH- f HS, CI, NH^CH^NH-, 

I 

5 CH3 

H 2 C — N- 

I I o 
H 2 C CH / \ ■ 

\ // f or CH 2 CH-CH 2 0; 

10 N 

X is each independently CH 3 , Cl, OCOCH 3 , OC 2 H 4 OCH 3 , 
(OC 2 H 4 ) 2 OCH 3 . or -OR, where R is a c x . 20 straight or branched 
chain alkyl, preferably methyl or ethyl, and 
15 0,1-25% of a cationic photoinitiator , and 

0.01-20% of a fluorinated surfactant. 

The invention is also directed to a method for applying 
a colored decoration to a glass substrate comprising: 

a) applying a radiation curable ink composition 
20 comprising a bis phenol-A epoxy resin to the glass in a 

predetermined design that leaves some areas of the glass 
ink-free, said ink being operable when cured to bond to the 
glass substrate, 

b) curing the ink on the substrata py exposing it to 

25 the radiation by which it is curable, thereby bonding the ink 
to the glass substrate. 

The invention is also directed to a method for 
decorating a glass substrate with hot stamping foil 
comprising: 

30 a) applying a bis phenol-A epoxy resin ink to the glass 

substrate in a predetermined design that leaves some areas of 
the glass ink-free, said ink being operable when cured to 
bond to the glass substrate and to hot stamping foil, 

b) curing the ink on the substrate by exposing it to 

35 the radiation by which it is curable thereby bonding the ink 
to the substrate, 
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c) coxnpressing a layer of hot stamping foil against the 
cured ink design with a compress heated to a temperature 
sufficient to cause the hot stamping foil to adhere to the 
cured ink design but not to the ink-free areas of the glass, 
5 d) removing the compress, 

thereby leaving hot stamping foil adhered to the cured ink 
design but not to the ink-free areas of the glass. 

The invention is also directed to a glass container 
having an inner surface and an outer surface wherein: 
10 a) said outer surface has adhered thereto a partial 

coating of a cured adhesive ink comprised of a bis phenol-A 
epoxy resin in a design that covers less than all of said 
outer surface. 

The invention is also directed to a glass container 
15 having an inner surface and an outer surface wherein: 

a) said outer surface has adhered thereto a partial 
coating of a cured adhesive ink comprised of a bis phenol-A 
epoxy resin in a design that covers less than all of said 
outer surface, 

20 *>) the ink design is covered by a multilayer web 

comprised of (i) a hot melt adhesive, (ii) a color coating, 
and (iii) a protective top coating, in that order from the 
ink design outward, said web being adherent to the cured 
adhesive ink and covering only said adhesive ink and not 

^25 extending to the ink- free areas of said outer surface. 

Detailed Description 
Unless otherwise stated, all percentages herein are 
weight percentages and all ratios are weight ratios. The ink 

30 compositions of the invention are preferably free of VOC s or 
other nonaqueous solvents, or contain these ingredients only 
in very minimal amounts. The ink compositions used in the 
invention preferably have a viscosity of 7,000 to 30,000 
centipoise at 25 °C, more preferably 10,000 to 25,000 

35 centipoise at 25°C. The ink compositions comprise 30-95%, 
preferably 35-90%, more preferably 50-90% by weight of the 
total composition of a bis phenol-A epoxy resin. Suitable 
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bis phenol-A epoxy resins are those which result from the 
reaction of bis phenol-A and epichlorohydrin. Bis phenol-A 
epoxy resins such as those made by Ciba-Geigy under the 
tradename ARALDITE, Shell corporation under the tradenames 
5 EPON or Epikote, such as Epikote 828 or 1001, or EPON 825 , 
Celanese Corporation under the EPI-REZ tradename, Reichhold 
Chemicals, Inc. under the EPOTUF tradename, and Union Carbide 
under the ERL tradename, are suitable. Bis phenol-A epoxy 
resins as disclosed in U.S. patent no. 5,229,251, which is 

10 hereby incorporated by reference, may also be used. Such 
resins include epoxidized novolacs such as those sold under 
the tradenames EPI-REZ SU6 R , or SU8 R . Preferred are bis 
phenol-A epoxy resins sold by Dow Chemical Company under the 
D.E.R. tradenames, and in particular, those of Formula I, 

15 which is: 



20 



25 




n 



wherein n = 0-20. 

The ink composition of the invention may contain a 
mixture of liquid and solid bis phenol-A epoxy resins as the 
epoxy resin component, however the final composition will 
generally be of a liquid or semi-solid consistency which is 
pourable or screenable at room temperature without the 
application of heat to melt the composition and make it more 
workable. Preferably the bis phenol-A epoxy resin is a 
mixture of liquid and solid bis phenol-A epoxy resins, and in 
a preferred weight ratio of 10:1 to 40:1 respectively. When 
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the bis phenol-A epoxy resin is a liquid, the typical value 
for n in Formula I is 0-3, and if a solid, the value for n in 
Formula I is greater than 3. Preferably, the liquid bis 
phenol-A epoxy resin has an epoxide equivalent weight of 172 
5 to 250, and a viscosity of 400 to 25,000 centipoise at 25°C, 
and more preferably an epoxide equivalent weight of 182-192. 
If a solid bis phenol-A epoxy resin is incorporated into the 
ink compositions, it is generally a particulate flake powder, 
has an epoxide equivalent weight of 400 to 600, preferably 

10 500-560, and viscosity of 400 to 800 centipoise at 150°C. 

The compositions of the invention preferably contain 
0,1-25%, preferably 0.5-15%, more preferably 1-10% of an 
adhesion promoter which will enhance adhesion of the resin to 
the glass surface. Organofunctional silanes are excellent 

15 adhesion promoters, and in particular organofunctional 
silanes of Formula II, which is: 

II. Y (CH 2 ) n — SiX 3 _ a 

< CH 3>a 

20 

wherein n = 0-3 
a = 0-2 

Y = NH 2 , CH 2 =CH, CH 2 =C-COO-, CH r NH-, NH 2 -CO-NH-, HS-, C1-, NH 2 (CH 2 ) 2 NH-, 
25 CH ' ' ^ 

H 2 C — N- 

! I o 

H 2 C CH / \ 

\ // , or CH 2 CH-CHjO; 



30 



X is each independently CH 3 , Cl, OCOCH 3 , OC 2 H 4 OCH 3 , 
(OC 2 H«) 2 oCH 3 . or —OR, where R is a C^j, straight or branched 
chain alkyl, preferably methyl or ethyl. 
35 Silanes having this formula are commercially available 

under the Dynasynlan trademark from Huls, America, Inc., 
Piscataway, New Jersey. Other organofunctional silanes such 
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as those disclosed in U.S. patent no. 5,221,560, which is 

hereby incorporated by reference, are also suitable. Such 

organosilanes are acryloxyf unctional silanes including 

3-methacryloxypropyltrimethoxysilane, 
5 3-acryloxypropyltrimethoxysilane, 

2-methacry loxyethy Itr imethyoxysilane, 

2 -aery loxyethyltr imethyoxysilane , 

3 -methacry loxypropy Itr iethoxysilane, 

3 - aery 1 oxypr opy Itr imethyoxy s i lane , 
10 3 -aery loxypropy Itr iethoxysilane, 

2 -methacry loxyethy Itr iethoxysilane, 

2 -me t ha cry 1 oxy e t hy 1 1 r i e thoxy s i 1 an e , 

2-acry loxyethy Itr iethoxysilane, etc. 

Suitable glycidoxy silanes include 
15 3 -glyc idoxypropy 1 tr imethoxy s i lane , 

2- glycidoxyethyltrimethoxysilane , 

3- glycidoxypropyltriethoxysilane , 

2-glycidoxyethyltriethoxysilane, 3-glycidoxypropyltrimethyl 
silane, and so on. 

2 0 The ink compositions of the invention also preferably 

contain 0.01-20%, preferably 0.5-10%, more preferably 1-5% by 
weight of a fluorinated surfactant. The term " f luorinated 
surfactant" means a fluorine containing compound having at 
least one liphophilic group or portion and at least one 

25 hydrophilic group or portion. In particular, fluorocarbon 
or f luorosilicone surfactants are most desirable. Suitable 
surfactants include those set forth in U.S. patent no. 
4,961,976 which is hereby incorporated by reference. 
Preferred are fluorocarbon surfactants, such as those 

30 marketed under the Fluorad trademark by 3M Company. These 
f luorochemical surfactants include fluorinated alkyl esters, 
fluorinated alkyl poly oxy ethylene ethanols, and the like. 
Particularly preferred are nonionic fluorinated alkyl 
alkoxylates e.g. those marketed by 3M under the trademark 

35 FC-171. 

The ink compositions of the invention also preferably 
contain 0.1-25%, preferably 0.1-20%, more preferably 2-10% by 
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weight of a cat ionic photoinitiator . The term "cationic 
photoinitiator" means a molecule or ingredient which , upon 
excitation, undergoes a photochemical transformation which 
efficiently generates a species capable of initiating 
5 cationic polymerization. If the ink composition of the 
invention is cured by UV or actinic radiation rather than 
electron beam it is desirable to add a cationic 
photoinitiator which catalyzes cross-linking of the resin 
upon exposure to the radiation to which the resin is 

10 sensitive. On the other hand, if the ink compositions of the 
invention are cured with electron beam it may be possible to 
dispense with the cationic photoinitiator. Various types of 
cationic photoinitiators are suitable. Both ionic cationic 
photoinitiators such as onium salts or organometallic salts 

15 are suitable as well as non-ionic cationic photoinitiators 
such as organosilanes, latent sulphonic acids and the like. 
Preferred are photosensitive onium salts, in particular, 
onium salts such as those disclosed in U.S. patent nos. 
4,058,401, 4,138,255, 4,161,478, 4,175,972, all of which are 

2 0 hereby incorporated by reference. Triaryl sulphonium salts 
are most preferred, in particular triaryl sulphonium salts" 
such as those sold by Union Carbide under the tradename 
Cyracure UVI 6990 and 6974. Also suitable are ferrocenium 
salts such as those sold under the Irgacure tradename by 

25 Ciba-Geigy, in particular Irgacure 261. Sulphonyloxy ketones 
and silyl benzyl ethers are also good cationic 
photoinitiators. A detailed analysis of the mechanism of 
cationic curing is disclosed in "Photosensitized Epoxides as 
a Basis for Light-Curable Coatings" by William R. Watt, 

30 American Chemical Society Symposium, Ser. 114, Epoxy Resin 
Chemistry, Chapter 2, 1979, and in "Chemistry and Technology 
of UV and EB Formulation for Coatings, Inks, and Paints," 
Volume 3, entitled "Photoinitiators for Free Radical and 
Cationic Polymerization, K.K. Dietliker, pages 332-374 

35 (1991), both of which are hereby incorporated by reference. 

Photosensitive onium salts are used as photoinitators in 
cationic curing, in particular, onium salts such as those 
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disclosed in U.S. patent nos. 4,058,401, 4,138,255, 
4,161,478, 4,175,972, all of which are hereby incorporated by 
reference. Triaryl sulphonium salts are most preferred, in 
particular triaryl sulphonium salts such as those sold by 
5 Union Carbide under the tradename Cyracure UVI 6990 and 6974. 
With certain ink colors it may also be desirable to 
include in the ink composition a photosensitizer , which is 
generally defined as a molecule which absorbs radiant energy 
which it then passes on to the photoinitiator . The 

10 photosensitizer then returns to its energetic ground state 
while the photoinitiator is activated and undergoes chemical 
changes as if it had itself absorbed the energy. As the 
photosensitizer often absorbs energy in a different part of 
the spectrum then does the photo intiatior, thus a more 

15 effective use of the light source can be achieved. If a 
photosensitizer is used, generally a 1:10 to 1:200, more 
preferably 1:50 to 1:100 ratio of photosensitizer to 
photoinitiator respectively, is suggested. Typical examples 
of photosensitizers which assist in cationic curing are 

2 0 thioxanthone compounds, in particular isopropyl thioxanthone 
which is marketed under the Escacure ITX trademark by 
Sartomer. 

The ink compositions may contain 0.1-40% , preferably 
1-30%, more preferably 3-25% by weight ofjbhe total 

25 composition of pigment. A wide variety of pigments are 

suitable including organic and inorganic pigments. Examples 
of such pigments are set forth in U.S. patent no. 5,178,952, 
which is hereby incorporated by reference. Inorganic 
pigments include extender pigments such are baryites, barium 

30 sulfate, calcium carbonate, talc, clay, alumina, titanium 
dioxide, white carbon, Chinese white, zinc sulfide, 
lithopone, ultramarine, Prussian blue, cobalt, chrome oxide, 
viridian chrome green yellows, oranges, and reds, cadmium, 
chromium, iron oxides, carbon black, metallic pigments, 

35 aluminum powder, bronze powder, zinc chromate, strontium 

chromate, zinc dust, copper, and so on. Examples of suitable 
organic pigments include azo pigments, indolinones, 
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isoindolinones, vat pigments, the Lakes, pthalocyanine 
pigments and so on. The preferred pigment to impart white 
color to the ink composition is titanium dioxide. Preferred 
red and yellow pigments are isoindolinones and pyrrolopyrrols 
5 as disclosed in U.S. patent nos. 4,415,685; 4,579,949; 
4,791,204; 4,666,455; 5,074,918; 4,783,540; 4,914,211; 
4,585,878; as well as U.S. patent application serial no. 
199,414, filed February 22, 1994, of Kamen, et. al-. , which is 
hereby incorporated by reference. These pyrrolopyrrols are 
10 generally of the formula: 



15 



R, — N 




N— R 3 



2 0 wherein R x and R 2 are each independently alkyl, arylalkyl, 
aryl, substituted or unsubstituted isocyclic or heterocyclic 
aromatic radicals; R 3 and R 4 are each independently H, 
substituted or unsubstituted alkyl, alkoxycarbonyl , aroyl, 
phenyl, benzoyl, benzyl, arylalkyl, aryl, alkanoyl, C 5 . 6 

25 cycloalkyl, alkenyl, alkynyl, carbamoyl,^alkylcarbamoyl, 

arylcarbamoyl, or alkoxycarbonyl; and X is O or S. Preferred 
is a compound wherein R x and R 2 are each independently phenyl 
or naphthyl, R 3 and R 4 are hydrogen, and X is O. Particularly 
preferred is pyrrolo 3,4-C pyrrol-l,4-dione, 

30 2,5-dihydro^3,6-di-4-chlorophenyl which has a CAS number 
84632-65-5 and is known by the common name C.I. pigment red 
254. This pigment is commercially available from Ciba-Geigy 
Pigments Division, Newport, DE, under the tradename Irgazin 
DPP Red 80. Other Ciba-Geigy red pigments sold under the 

35 tradename Irgazin are also suitable. 

Suitable isoindolinones are as set forth in U.S. patent 
nos. 3,884,955, 3,867,404, 4,978,768, 4,400,507, 3,897,439 
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and 4,262,12 0 and 5,194,088 all of which are hereby 
incorporated by reference. Preferred isoindolinones are 
tetrachlorocyanobenzoic acid alkyl esters, particularly 
benzoic acid, 2 , 3 , 4 , 5-tetrachloro-6-cyano-methyl ester which 
5 is reacted with 2-methyl-l , 3-benzenediamine and sodium 

methoxide. This pigment composition has the common name C.I. 
Pigment Yellow 109 and is available commercially from 
Ciba-Geigy Pigments Division, Newport DE under the tradename 
Irgazin yellow 2GLTE. Other pigments in the Irgazin Yellow 

10 series as manufactured by Ciba-Geigy are also suitable. 

The ink compositions used in the method of the invention 
will preferably contain about 0.1-10%, preferably 0.5-8%, 
more preferably 1-7% by weight of a defoaming agent which 
will cause the ink to apply smoothly on the glass substrate 

15 without bubbles or unevenness. A wide variety of defoamers 
are suitable, but preferred are defoamers sold by BYK Chemie 
under the BYK tradename. Examples of such defoamers include 
polyalkyl acrylics such as BYK-052 and BYK-053 ; and in 
particular BYK-052 which is polyvinylbutyl ether in Stoddard 

20 solvent; BYK-354 which is a polyacrylate solution, and 
BYK-022 which is a mixture of hydrophobic solids and foam 
destroying polysiloxanes in polyglycol. 



25 



The preferred ink compositions comprise: 

3 0-95% bis phenol-A epoxy resin, 

0.1-10% adhesion promoter, 

0.1-20% photoinitiator, 

0.01-5% fluorinated surfactant, and 

1-40% pigment. 



30 



35 



More preferably the ink. compositions comprise: 
35-95% of the bis phenol-A epoxy resin of Formula I, 
0.1-10% of the organofunctional silane of Formula II, 
0.1-20% of a photoinitiator which is an onium salt, 
0.05-5% of a fluorocarbon surfactant, and 
0.1-40% pigment. 
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More preferred are ink compositions comprising: 
50-85% of the bis phenol-A epoxy resin of Formula I 
which is a liquid at room temperature, 

0.1-20% of the bis phenol-A epoxy resin of Formula I 
5 which is a solid at room temperature, 

0.1-10% of the organofunctional silane of Formula II 
wherein: 

a = 0 

X « OCH 3 , OC^, CH 3 
10 n = 3 

Y " A 

CHj CH-CHjCK CH 2 =C(CH 3 )-COO-, H,N(CH 2 ) 2 NH-, or 

H,N — N- 

15 I I 

C JCH 

\/7 

N , 



20 0.1-5% of a fluorocarbon surfactant which is a fluorinated 
alkyl ester, a fluorinated alkyl polyoxyethylene ethanol, or 
a fluorinated alky alkoxylate, and 
0.1-4 0% pigment. 

Most preferred are ink compositions ^comprising: 
25 50-85% of the epoxy resin of Formula I which is a liquid 

at room temperature, 

1-5% of the epoxy resin of Formula I which is a solid at 
room temperature, 

0.1-5% of the organofunctional silane of Formula II 
30 having the formula: 

A 

CHr- CH-CH r O{CH 2 ) 3 -Si(OCH3)3 

35 

0.1-10% of a fluorinated alkyl alkoxylate, and 
0.1-40% pigment. 
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The invention also comprises a method for applying a 
colored decoration to a glass substrate comprising: 

a) applying a radiation curable ink composition 
comprising a bis phenol-A epoxy resin to the glass in a 

5 predetermined design that leaves some areas of the glass 
ink-free, said ink being operable when cured to bond to the 
glass substrate, 

b) curing the ink on the substrate by exposing it to 
the radiation by which it is curable, thereby bonding the ink 

10 to the glass substrate. 

In the preferred embodiment of the invention the ink 
compositions comprise, by weight of the total composition, 
30-95% bis phenol-A epoxy resin, 0.1-40% pigment, and 
optionally, up to 50% or more of other ingredients such as 

15 those discussed above. 

The articles which may be decorated or printed according 
to the method of the invention may be made of glass, ceramic, 
tile, and other similar vitreous materials. Such articles 
may be in any shape or form, such as a container, sheet, 

20 tile, figurine, or the like. In the preferred embodiment of 
the invention the article is made of glass or ceramic and is 
a container, such as a cosmetic or beverage container. The 
term * glass" when used in accordance with the invention shall 
mean glass, ceramic, tile, and similar materials. 

25 The ink composition is applied to the article to be 

decorated in a predetermined design using a variety of 
printing methods including screen printing, offset printing, 
gravure, hand painting and the like. After the ink is 
applied the substrate or article is irradiated with UV or 

30 actinic radiation using a conventional UV light source. The 
term "UV" means ultraviolet light which generally has a 
wavelength of 4 to 400, preferably 325 to 400 nanometers. 
The term "actinic" means radiation having a wavelength of 200 
to 600 nanometers. Electron beam may be used instead of a UV 

35 light source. If a UV conveyer is used, it is set up so that 
the substrate passes through the beam of radiation for an 
amount of time appropriate to completely cure the ink 



- 13 - 



WO 99/06336 PCT/US97/12849 



composition and cause it to adhere to the substrate. If 
desired, the substrate may be moved through the conveyer in 
one or more passes to achieve the required curing. The 
appropriate time varies depending on the ink formula, but 
5 generally curing is complete in a period of time ranging from 
fractions of a second to 3 0 minutes. It is preferred, that 
by the time the decorated substrate or article is removed 
from the conveyer, the ink is completely cured and fused to 
the substrate surface, providing a bright true color. In 

10 some cases it may be necessary to subject the newly screened 
glass container to slightly elevated temperature prior to uv 
curing the applied ink on the substrate, or to an additional 
post-UV cure application of heat to finally polymerize the 
ink on the substrate. This ink is well suited for use in 

15 automated systems such as the multiple color printing 
apparatus disclosed in copending application serial no. 
432,485, filed May 1, 1995 by Kamen, et al., entitled 
"Apparatus and Method For Screen Printing Radiation Curable 
Compositions", or with the methods disclosed in U.S. patent 

20 application serial no. 432,482, filed May 1, 1995 by Kamen et 
al., entitled "Method For Printing Articles With Multiple 
Radiation Curable Compositions", both of which are hereby 
incorporated by reference in their entirety. 

In the method of the invention, multiple colors may be 

25 applied to the glass substrate by applying and curing one 
color, and printing the desired design on the container in 
complete or partial registration in another color, and curing 
that color directly on the glass substrate. As many 
successive colors as desired may be applied to the glass in 

30 complete or partial registration. The ink exhibits excellent 
adhesion to the glass and the colored layers adhere well to 
each other when in registration. It should be noted that 
this is not always the case when printing multiple colors one 
on top of the other. Often, while the first applied ink will 

35 adhere to the glass, the successively applied layers will not 
adhere to each other when applied in complete or partial 
registration. 
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In another embodiment of the invention, it is possible 
to make the ink composition of the invention without the 
pigment and print it on the glass substrate in predetermined 
design according to the methods described above. For 
5 example, a substrate such as a container may be decorated in 
a pre-determined design by silk screening the unpigmented ink 
composition on the substrate and curing with the appropriate 
radiation. A layer of hot stamping foil is then compressed 
against the substrate with a press which is heated to a 

10 temperature sufficient to cause the hot stamping foil to 
adhere to the printed ink design but not to the ink-free 
areas of the glass. hot stamping foil is generally a 
laminate comprised of a carrier material (often polyester or 
a similar material capable of release) , a release film 

15 between the carrier and a subsequent decorative coat which is 
usually color or a metallized coat, most often aluminum or 
colored aluminum. The foil may contain other optional layers 
such as one or more protective layers, hot melt adhesive 
layers, etc. between the metallized layer or layers and the 

2 0 carrier material. More specifically, hot stamping foil can 
be defined as a multilayer web comprised of a backing film 
carrier, a release coating, one or more protective top 
coatings, one or more color coatings, and a hot melt adhesive 
in that order. The hot stamping foil is then compressed 

25 against the container with the hot melt adhesive layer being 
compressed against the substrate. The compress, which may be 
a standard hot stamping press or a hand held press, is heated 
to a temperature sufficient to cause the hot melt adhesive 
layer of the hot stamping foil to adhere to the ink decorated 

30 portion of the substrate. Generally this temperature ranges 
from about 250 to 400°F. Temperatures higher than this may 
cause deterioration of the hot stamping foil. The 
application of heat causes the adhesive side of the hot 
stamping foil to become adhesively adhered to the ink design 

35 but not to the ink-free areas of the substrate. When the 
compress is removed, a portion of the foil laminate adheres 
to the ink decoration but not to the ink free areas of the 
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glass. In particular, adhered to the ink design on the 
substrate is the hot melt adhesive layer, the color coatings, 
and the protective top coatings, in that order, of the hot 
stamping foil. Portions of the release coating may or may 
5 not be adhered to the protective top coating because the 
release coating is designed to melt upon application of heat 
and cause the polyester carrier backing layer to release from 
the protective top coat layer and some remnants may remain. 
The resulting hot stamped substrate exhibits a metallic gold, 

10 silver, or colored appearance depending on the color of the 
hot stamping foil. 

In yet another embodiment of the invention, it is 
possible to provide a decorated substrate which has a two 
tone effect where all or a portion of the colored ink on the 

15 substrate is hot stamped. In this instance a pigmented ink 
composition is applied to the substrate in a predetermined 
design and cured by exposing it to the radiation by which it 
is curable for a time sufficient to effect complete cure. 
Hot stamping foil is applied as described above to either the 

20 entire ink design or to only a part (i.e. complete or partial 
registration) . If the hot stamping foil is applied in 
partial registration, or applied to a portion of the 
pigmented ink design, a pleasant two tone effect is achieved. 
Many times it is more economical to print the entire design 

25 on the substrate using colored ink and "then hot stamp over 
the desired portion of the design, rather than applying clear 
ink and hot stamping, and then printing colored ink in the 
desired design in a second application. 

The invention is also directed to a glass container 

30 having an inner surface and an outer surface wherein: 

a) said outer surface has adhered thereto a partial 
coating of a cured adhesive ink comprised of a bis phenol-A 
epoxy resin in a design that covers less than all of said 
outer surface. 

35 The invention is also directed to a glass container 

having an inner surface and an outer surface wherein: 
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a) said outer surface has adhered thereto a partial 
coating of a cured adhesive ink comprised of a bis phenol-A 
epoxy resin in a design that covers less than all of said 
outer surface, 

5 b) the ink design is covered by a multilayer web 

comprised of (i) a hot melt adhesive, (ii) a color coating, 
and (iii) a protective top coating, in that order from the 
ink design outward, said web being adherent to the cured 
adhesive ink and covering only said adhesive ink and not 

10 extending to the ink-free areas of said outer surface. 

The ink composition may or may not be pigmented, as 
desired. If it is, generally it comprises, by weight of the 
total composition, 30-95% of a bis phenol-A epoxy resin and 
0.1-4 0% pigment, which ink composition is in the form of a 

15 predetermined design or indicia which covers less than all of 
said outer surface. If pigmented, the hot stamping foil may 
be applied to all, or only a portion of the cured ink design. 

The invention will be further described in connection 
with the following examples which are set forth for the 

20 purposes of illustration only. 

EXAMPLE 1 

A white ink was made according to the following formula: 

w/w% 



DER 331 1 




72.30 


DER 661 2 




3.81 


Glymo 3 




2.2 


Titanium 


dioxide 


16.0 


FC-171 4 




0.30 


BYK-022 5 




2.00 


Escacure 


ITX € 


0.10 


UVI-6990 7 




6.00 



1 Dow liquid epoxy resin DER 331, Dow Chemical Company, 
35 Midland, Michigan 

2 Dow solid epoxy resin DER 661, Dow Chemical Company, 
Midland, Michigan 
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3 Dynasylan organofunctional silane, Huls American, Inc.. 
Piscataway, New Jersey 

4 Flourad brand f luorochemical surfactant, 3M Company, St. 
Paul, Minnesota. ( Fluor inated alkyl alkoxylates 93%, 
fluorinated alkyl sulfonamide 10%, Fluorinated alkoxylate 

5 4%, and Fluorinated alkyl sulfonamide 1%) 

5 Mixture of hydrophobic solids and foam-destroying 
polysiloxanes in polyglycol, BYK Chemie, USA, Wallingford, 
Connecticut. 

6 Isopropyl thioxanthione, Sartomer. 

0 1 Photoinitiator, triarylsulphonium salt, Union Carbide 
Chemicals and Plastics. 

EXAMPLE 2 

A red ink composition was made according to the 
c following formula: 



20 





w/w% 


DER 331 


78. 6 


DER 661 


4.0 


Glymo 


2.0 


C.I. Pigment Red 254 


7.0 


BYK-052 1 


1.0 


BYK-3 54 2 


1.0 


FC-171 


0.3 


UVI-6990 


6.0^~ 



1 Polyvinyl butyl ether, BYK Chemie, Wallingford, Connecticut 

2 Polyacrylate solution, BYK Chemie, Wallingford Connecticut 

EXAMPLE 3 

30 A blue pigmented ink composition was made according to 

the following formula: 

w/w% 



DER 331 81.7 

35 DER 661 4.0 

Glymo 2 . 0 

Ultramarine blue 5.0 
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BYK-022 1.0 
FC-171 0,3 
UVI-6990 6.0 

EXAMPLE 4 

A clear coating was made according to the following 
formula: 

w/w% 

DER 331 87.7 
DER 661 4.00 
Glymo 2.00 
BYK-022 1.00 
FC-171 0.30 
15 UVI-6990 5.00 

The above clear coating is useful for application to the 
substrate prior to application of hot stamping foil. 



10 



20 



25 



30 



EXAMPLE 5 

A white ink composition was made as follows: 





w/w% 


DER 661 


6.2 


DER 331 


72 . 08 


Titanium dioxide 


13.50 


Ultramarine blue 


0.02 


Glymo 


1.00 


BYK-022 


1.00 


FC-171 


0.10 


Escacure ITX 


0.10 


Cyracure UVI 6990 


6.00 



35 
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EXAMPLE 6 

A dark blue colored ink was made as follows: 





w/w% 


DER 331 


63.00 


DER 661 


5 • 60 


Titanium dioxide 


2.30 


Carbon black 


1.00 


Ultramarine blue 


2. 00 


Glymo 


1.00 


Cyracure UVI-6990 


6. 00 


FC-171 


0. 10 


BYK-022 


1.00 



15 EXAMPLE 7 

A light blue colored ink was made as follows: 





w/w% 


DER 331 


63 . 9 


DER 661 


5.6 


Ultramarine blue 


27. 0 


Carbon black 


0.2 


Titanium dioxide 


0.3 


FC-171 


0.1 


Glymo 


1.0 


BYK-052 


1.5 


BYK-354 


1.0 



EXAMPLE 8 

A red ink composition was made as follows: 



w/w% 

DER 331 75m9 
DER 661 6-5 
Titanium dioxide 2.0 
35 C.I. Pigment Red 254 7.0 
Glymo 1Q 
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Cyracure UVI-6990 
FC-171 
BYK-052 
BYK-354 

EXAMPLE 9 

A gold ink composition was made as follows: 



10 





w/w% 


DER 331 


65.25 


DER 661 


5.2 


Irgazin yellow 2GLTE* 


1.0 


Gold powder (Brass Flack) 


20.0 


Glymo 


1.0 


FC-171 


0.3 


Cyracure UVI 6990 


6.0 


BYK-022 


1.0 


Escacure ITX 


0.25 



20 EXAMPLE 10 

The white ink composition of Example 5 and the red ink 
composition of Example 8 were used to decorate glass 
beverage bottles using an OMSO printing machine distributed 
by Graphics International Group. The OMSO machine was 

25 operated at a printing and curing speed* of 100 bottles per 
minute. The white ink was screened onto the container and 
subjected to a preheat temperature of 50 to 70 °C. while 
traveling on the conveyer and prior to exposure to the UV 
light source. The ink on the container was then cured by 

30 exposure to a 600 watt/ inch UV light made by Fusion 

Corporation for approximately 1 second. Next, the red ink 
was screened onto the container in the desired design and 
subjected to the 600 watt/inch UV light for approximately 1 
second. The container was then subjected to a temperature of 

35 150 to 200 °C. for approximately 2 minutes to finally cure the 
ink. 



5.0 
0.1 
1.5 
1.0 
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The containers decorated above were subjected to various 
tests as identified below to determine the resistance of the 
applied decoration. 

5 The Ice Water Test 

The containers decorated above were subjected to ice 
water to determine the resistance of the applied decoration 
to cold temperatures. Four samples were selected. Two of 
the samples served as the control. The other two decorated 

10 sample containers were filled with distilled water and placed 
in a tub filled with water having a temperature of 2°C. for a 
period of 72 hours. At the end of the test period the 
samples were removed, emptied of distilled water and allowed 
to equilibrate to room temperature. The samples were 

15 visually checked to ascertain the following: 

1 . Shedding 

2. Blistering 

3. Change in color 

4 . Loss of gloss 

20 When the containers subjected to the ice water test were 

compared with the control containers, no evidence of 
shedding, blistering, change in color, or loss of gloss was 
evident . 

25 The Content Test - ^' 

Twelve samples of the decorated container were selected. 
Six of the samples served as controls. The other six samples 
were submerged in a beaker filled with soft drink beverage, 
making sure that the decoration on each container was 

30 submerged in the beverage for a period of 24 hours at room 
temperature. The bottles were removed from the beaker and 
the decorated area was rubbed with a soft white cotton fabric 
and average pressure for a total of 12 passes. Each cotton 
fabric was examined for spots or color bleeding from the 

35 decoration, and each container subjected to the test was 
compared with the control. The test containers did not 
exhibit any ascertainable difference between the control 
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containers. None of the cotton fabrics exhibited any spots 
or color bleeding. 

EXAMPLE 11 

5 The white ink composition of Example 5, the red ink 

composition of Example 8, and the blue ink composition of 
Example 7 were used to decorate glass beverage bottles using 
an OMSO printing machine as defined in Example 10 , operated 
at a curing and printing speed of 100 bottles /minute. First, 

10 the white ink was screened onto the containers and subjected 
to a preheat temperature of 50 to 70 °C. while traveling on 
the conveyer and prior to exposure to UV light. The 
container was then subjected to a 600 watt/ inch UV light 
source for approximately 1 second. Then, the red ink was 

15 screened onto the container in the desired design and 

subjected to the UV light source for approximately 1 second. 
The third blue ink composition was then screened onto the 
container in the desired design and subjected to the UV light 
source for approximately 1 second. Then the container was 

20 subjected to heat of approximately 150 to 200°C. for 
approximately 2 minutes to finally cure the ink. 

Containers decorated in accordance with . the above method 
were subjected to the Ice Water Test and the Content Test as 
described in Example 10. Four decorated containers were 

25 selected for the Ice Water Test. Two of the containers 

served as controls. The other two containers were subjected 
to the Ice Water Test. No ascertainable differences between 
the test and control containers were evident. With respect 
to the Content Test, six sample containers were selected as 

3 0 controls, and six sample containers were selected as test 
containers. The test containers were submerged in a beaker 
filled with soft drink beverage for 72 hours as described in 
Example 10. The test and control containers were then 
compared. No evidence of shedding, blistering, color change, 

35 or loss of gloss was seen on the test containers when 
compared with the control containers. 
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EXAMPLE 12 

Glass alcoholic beverage bottles were decorated with the 
OMSO printing machine identified in Example 10, operating at 
a printing and curing speed of 100 bottles/minute. The white 
5 ink composition of Example 5 was screened onto the glass 
containers and subjected to a preheat temperature of 50 to 
70 °G. prior to subjecting to UV light. The container was 
then subjected to a 600 watt/inch UV light source for 
approximately 1 second. Next, the blue ink composition was 

10 screened onto the container in the desired design and 

subjected to the UV light source for approximately 1 second. 
Then the containers were subjected to a temperature of 150 to 
200°C. for about 2 minutes to effect final cure. 

Four containers decorated in accordance with the above 

15 method were selected for the Ice Water Test as described in 
Example 10. Two of the containers served as controls. The 
other two containers were subjected to the Ice Water Test. 
No ascertainable differences between the test and control 
containers were evident. 

2 0 Twelve of the containers decorated above were selected 

for the Content Test as described in Example 10. Six of the 
containers served as controls. The other six containers were 
submerged in a beaker with beer for 24 hours at room 
temperature. None of the test containers exhibited any 

25 ascertainable differences between the control containers. 

The containers decorated above were tested to determine 
the resistance of the applied decoration to ethyl alcohol. 
Four decorated containers were selected. Two of the 
containers served as the control. A piece of cotton was 

30 dampened with ethyl alcohol and squeezed to eliminate excess 
alcohol. For each container a separate dampened cotton was 
rubbed over the decoration for a total of 100 passes. The 
cotton was evaluated and no spots or color or evidence of 
decoration was visible. The rubbed containers were evaluated 

35 by comparing with the control, and no ascertainable 
difference was evident. 
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EXAMPLE 13 

Glass alcoholic beverage bottles were decorated using 
the white ink of Example 5 and the dark blue ink of Example 6 
using an OMSO decorating machine as described in Example 10 
5 operating at a speed of 100 bottles/minute. The white ink 
was first screened onto the glass container and subjected to 
temperature of 50 to 70°C. while on the conveyer prior to UV 
curing. The container was then subjected to a 600 watt/ inch 
UV light source for approximately 1 second. Next, the dark 
10 blue ink of Example 6 was screened onto the container in the 
desired design and subjected to the UV light source for 
approximately 1 second. The container was then subjected to 
a temperature of 150 to 200°C. for about 2 minutes to effect 
final curing. 

15 

EXAMPLE 14 

The ink composition of Example 9 was used to decorate 
glass nail enamel bottles. The ink was silk screened onto 
the glass containers using a Kamman printing machine 

20 operating at a speed of 150 bottles/minute. The bottles were 
subjected to a UV light source of approximately 600 
watts/ inch for about 1 second. The decorated containers were 
then subjected to a temperature of 150 to 170 °C. for about 2 
minutes to effect final cure of the ink composition. 

25 The nail enamel bottles decorated above were subjected 

to the Content Test. In particular, twelve nail enamel 
bottles were selected. Six of the bottles served as 
controls. The other six bottles were submerged in a beaker 
filled with nail enamel for a period of 24 hours. The test 

30 containers were then evaluated by comparing them with the 
controls. None of the test containers exhibited any 
ascertainable difference from the control containers. 

EXAMPLE 15 

35 The ink composition of Example 4 was screened onto glass 

containers and subjected to a 3 00 Watt UV light source for 
approximately l second. Immediately thereafter, hot stamping 
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foil was compressed against the cured ink design using a 
compress heated to 250°F. The foil adhered to the ink design 
but not to the ink-free areas of the glass. 



10 



15 



20 



25 



30 



35 
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WE CLAIM: 

1. A radiation curable ink composition comprising, by- 
weight of the total composition: 
5 30-95% of a bis phenol-A epoxy resin of the formula 

(Formula I) : 



10 




CH 2 CH-CH, 



CH, 



-CH 2 CHCH 2 - 
OH 



15 



CH, 



--CH,CH CH, 



20 



wherein n = 0-20, 

0.1-25% of an organofunctional silane of the formula 
(formula II) : 



25 



30 



II. Y— (CH 2 )„— SiX 3 . a 

(CH 3 ) a . ^ 

wherein n = 0-3 
a = 0-2 

Y - NH 2 , CH 2 =CH, CH 2 =C-COO-, CH 3 -NH-, NHj-CO-NH-, HS, CI, NH^CH^NH-, 

I 

CH3 



35 



H 2 C— N- 

I I 
H 2 C CH 

\// 
N 



or 



CHj CH-CH 2 0; 
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X is each independently CH 3 , CI, OCOCH 3/ OC 2 H 4 OCH 3/ 
(OC 2 H 4 ) 2 OCH 3 . or -OR, where R is a C^ 2Q straight or branched 
chain alkyl. 

0,1-20% of a cat ionic photoinitiator, and 
5 0.01-20% of a fluorinated surfactant. 

2. The composition of claim 1 comprising 0.1-40% pigment. 

3. The composition of claim 1 wherein the cationic 
photoinitiator is an onium salt. 

4. The composition of claim 1 wherein R is methyl or ethyl. 
10 5. The composition of claim 1 comprising: 

3 0-85% of the epoxy resin of Formula I which is a 
liquid at room temperature, 

0.1-2 0% of the epoxy resin of Formula I which is a solid 
at room temperature, 
15 0.1-10% of the organosilanes of Formula II wherein: 

a = 0 

X = OCH 3/ OC 2 H s , CH 3 
n = 3 



20 



25 



Y= A 

CH 2 CH-CH 2 0-, CH 2 =C(CH 3 )-COO-, H^CH^NH-, or 

H 2 N — N- 

I I 
C CH 

\ // 
N . 



0.1-5% of a fluorinated surfactant which is a 
fluorinated alkyl ester, fluorinated alkyl 
polyoxyethylene ethanol, or a fluorinated alky 
30 alkoxylate. 

6. The composition of claim 5 comprising 0.1-40% pigment. 

7. The composition of claim 5 comprising: 

50-85% of the epoxy resin of Formula I which is a liquid 
at room temperature, 
35 1-5% of the epoxy resin of Formula I which is a solid at 

room temperature, 
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0.1-5% of the organofunctional silane of Formula II 
having the formula; 

5 CH 2 — CH-CH 2 .CKCH2)3-Si(CX:H3)3 

0.1-1% of a fluorinated alkyl alkoxylate. 
8. The composition of claim 7 comprising 0.1-40% pigment. 
10 9. A method for applying a decoration to a glass substrate 
comprising: 

a) applying an ink composition comprising a bis 
phenol-A epoxy resin to the glass in a predetermined design 
that leaves some areas of the glass ink free, said ink being 

15 operable when cured to bond to the glass substrate, 

b) curing the ink on the substrate by exposing it to 
the radiation by which it is curable, thereby bonding the ink 
to the glass substrate. 

10. The method of claim 9 wherein the composition comprises, 
20 by weight of the total composition, 30-95% of a bis 

phenol-A epoxy resin and 0.1-40% pigment. 

11. The method of claim 9 wherein the ink composition is 
pourable at room temperature without application of 
heat. ^ 

25 12. The method of claim 9 wherein the ink composition is 
cured by exposure to ultraviolet radiation. 
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13 . The method of claim 9 wherein the ink composition 

comprises a bis phenol-A epoxy resin of the formula 
(Formula I) : 




CH, 



10 



CH 3 

CH 3 ^ ^ 



_ CH 3 OH 

CH, 

O— CH 2 CH CH 2 




15 



wherein n = 0-20, 

14. The method of claim 13 wherein the bis phenol-A epoxy 

resin comprises a mixture of an epoxy resin of Formula I 
20 which is a liquid at room temperature and an epoxy resin 

of Formula I which is a solid at room temperature, 
15- The method of claim 14 wherein the ratio of liquid to 
solid bis phenbl-A epoxy resin of Formula I is 10:1 to 
4 0:1 respectively . 
25 16 • The method of claim 9 wherein the in!T composition 

comprises 0.1-10% of an adhesion promoter which is an 
organofunctional silane. 
17. The method of claim 16 wherein the organofunctional 
silane is of Formula II. 
3Q 18. The method of claim 9 wherein the ink comprises 0.1-20% 
of a cationic photoinitiator which is an onium salt. 

19. The method of claim 9 wherein the ink composition 
comprises 0.01-5% of a fluorinated surfactant. 

20. The method of claim 10 further comprising: 

35 c ) compressing a layer of hot stamping foil to all, or 

a portion of, the cured ink design. 
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21. The method of claim 9 wherein the glass substrate is a 
beverage or cosmetic container. 

22. A method for decorating a glass substrate with hot 
stamping foil comprising: 

5 a) applying a bis phenol-A epoxy resin ink design to 

the glass in a predetermined design which leaves some areas 
of the glass ink-free, said ink being operable when cured to 
bond to the substrate and to hot stamping foil, 

b) curing the ink on the substrate by exposing it to 

10 the radiation by which it is curable, thereby bonding the ink 
to the substrate, 

c) compressing a layer of hot stamping foil against the 
cured ink design with a compress heated to a temperature 
sufficient to cause the hot stamping foil to adhere to the 

15 ink design but not to the ink-free areas of the glass, 

d) removing the compress, 

thereby leaving hot stamping foil adhered to the ink design 

but not to the ink-free areas of the glass. 

23. A glass container having an inner surface and outer 
2 0 surface wherein: 

the outer surface has bonded thereto a partial coating 

of a cured adhesive ink comprised of a bis phenol-A epoxy 

resin in a design that covers less than all of said outer 

surface. _ ^ 

25 24. The container of claim 23 wherein the cured adhesive ink 

is pigmented. 

25. The container of claim 23 wherein the ink design is 
covered by a multilayer web comprised of (i) a hot ; elt 
adhesive, (ii) a color coating, and (iii) a protective 

30 top coating, in that order from the ink design outward, 

said web being adherent to the cured adhesive ink and 
covering only said adhesive ink and not extending to the 
ink-free areas of said outer surface. 

26. The container of claim 23 wherein the ink design is 

35 covered by a multilayer web comprised of (i) a hot melt 

adhesive, (ii) a color coating, and (iii) a protective 
top coating, in that order from the ink design outward, 
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said web being adherent to the cured adhesive ink and 
covering only said adhesive ink and not extending to the 
ink-free areas of said outer surface. 
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